© Versita Sp. z o.o. The stability change of nickel(II) ion complexes including one and two nicotinamide (B 3 vitamin) molecules in aqueous dimethyl sulfoxide (X DMSO = 0-0.85 m.f.) was studied at 298.2±0.1 K and 0.25 ionic strength value (NaClO 4 ) using the potentiometric method. The first stage constant of complexation increased until organic solvent concentration was 0.5 m.f. and reduced at higher DMSO content. The difference between complex and central ions solvation is a dominating contribution into the Gibbs energy change of mononicotinamide complex formation reaction. When the second ligand molecule was bonded into the coordination compound, the nicotinamide contribution to Δ tr G r rose and became prevailing at X DMSO = 0.7-0.85. The ligand was found to replace a water molecule in the coordination sphere of the cation according to spectrophotometric study results.
Introduction
Nickel takes part in few biological reactions but these processes are very significant in the life maintaining processes of some protozoa and bacteria [1] . The metal provides the molecular hydrogen oxidation and is included in urease composition (in fungi and plants as well [2] ). However, apart from these positive actions, nickel is rather known to have harmful effects especially on human beings. In particular, compounds of this metal are allergens [3] and carcinogens [4, 5] .
3-pyridinecarboxamide (nicotinamide, B3 vitamin) ( Fig. 1) is an important component of NAD and NADPH coenzymes. This compound is involved in the metabolism of lipids, proteins, amino acids and purines, as well as cellular respiration [6] . The nicotinamide is known as a monodentate ligand in terms of coordination chemistry [7] [8] [9] [10] .
The Ni 2+ -nicotinamide complexation greatly influences the biological activity of the ligand making this process important to study. For instance, in the recent paper [11] the antibacterial and antifungal effects of ten transition metal ion (including Ni 2+ ) complexes of nicotinamide were investigated. The coordination compound formed with the nickel(II) ion has a more intense action than that formed by the copper(II) ion or iron(III) ion. Nickel complex of B 3 vitamin is also more effective than the unbound ligand, when being used versus such fungi as A. flavus and C.albicans, such Gram(+) bacteria as S.aureus and B.subtilis, and such Gram(-) bacteria as E.coli, P.aeruginosa.
In the present paper coordination equlibria of nickel(II)-nicotinamide were investigated in a binary solvent containing valuable resorptive agent DMSO.
Experimental procedure
The stability constants of nickel(II) complexes with nicotinamide were determined by the potentiometric titration method analogically with reports [12, 13] The results of potentiometric titration were processed using PH-meter program [14] . The calculated stability constants were given ( Table 1) .
The error of constant determination was a half-width of the 95% confidence interval at the sample size of 3-6 titrations.
The electron absorption spectra in the 350 -1100 nm range were obtained using the Hitachi U-2001 spectrometer at 298.2±0.1 K temperature. The cells with 1 cm absorbing layer thickness were used. The concentrations and positions of absorbance maxima were given ( Table 2 ). The error of wavelength determination did not exceed 0.5 nm.
All the solutions were prepared using deaerated bidistilled water. The nicotinamide of 'extra pure' grade (Merk Group, Darmstadt, Germany) was applied without additional purification. The sodium perchlorate of 'pure' grade (Reakhimkomplekt, Staraya Kupavna, Russia) was recrystallized twice and dried at 120°C until its weight became constant. The dimethyl sulfoxide of 'chemically pure' grade (Reakhimkomplekt, Staraya Kupavna, Russia) was distilled in 0.25 atm. vacuum. The remaining water content (0.34 mass. %) was defined via C. Fisher titration [16] and taken into account in every solution preparation.
The nickel(II) perchlorate was synthesized from perchloric acid of 'pure for analysis' grade and nickel(II) carbonate of 'pure' grade. The Ni 2+ concentration was controlled by chelatometry and photometry using absorbance intensity of its aqua complex (λ=400 nm) [17] . When DMSO concentration in solvent increases, the bathochromic shift of absorption bands is observed due to the replacement of water molecules by DMSO molecules in the coordination sphere of nickel(II) ion. An analogous shift of 3 A 2g → 3 T 1g (P) transition had previously been found [19] . This means that dimethyl sulfoxide is situated left of water in the raw spectrochemical data, i.e., it is a ligand of weaker field than water. However, organic solvent strongly solvates the cation based on the spectral changes ( Table 2 ) and results of paper [20] .
Results and discussion
The addition of nicotinamide to a solution containing Ni 2+ ions results in a marked hypsochromic shift (Table 2) indicating the formation of coordination compounds. The nicotinamide is a ligand of evidently stronger field than water.
The equilibrium composition of the mixtures ( Table 2) . At the same time, the difference between positions of appropriate absorption maxima for two solutions is from ~200 to ~600 cm -1 . Therefore, when entering the coordination sphere of the cation, the nicotinamide molecule could be considered to replace the water molecule. Earlier, nickel(II) ion was found to be surrounded by 2.5 and 4.7 (on average) DMSO molecules at X DMSO = 0.5 and X DMSO ~1 m.f. respectively, using NMR-spectroscopy [21] .
Nevertheless, when comparing the aqueous organic solutions (X DMSO = 0.5; Ni 2+ :L=0.1107:0.2999) and (X DMSO = 0.85; Ni 2+ :L=0.04606:0.9015) with relatively close equilibrium compositions, a negligible difference between locations of absorption maxima should be noted. It is probably the evidence of nearly changeless at X DMSO > 0.5 solvation state of bis-nicotinamide complex, which is the main component of both of mentioned mixtures.
The solvation and complexation peculiarities of nickel(II) ion are reflected by the Gibbs energy change of reaction and reagents transfer (Fig. 2) . The ligand field stabilization energy increases significantly over the entire range of DMSO concentrations during the coordination process as the nicotinamide substitutes the ligand of weaker field (water) in the cation coordination sphere. All the values of Δ tr G(NiL 2+ -Ni 2+ ) might be negative due to this reason. When X DMSO < 0.3, the rise of NiL 2+ coordination compound stability could be also caused by nicotinamide destabilization [22] but the ligand solvation strengthening at X DMSO ≥ 0.5 [22] results in reduce of 1:1 complex stability (Fig. 1) . However, the ligand role is small, so the difference between Δ tr G(NiL 2+ ) and Δ tr G(Ni 2+ ) is the dominating contribution in the Gibbs energy change of reaction transfer. The values of Δ tr G r and Δ tr G(NiL 2+ -Ni 2+ ) correlate linearly (R 2 = 0.8420). The gain of energy observed at the second nicotinamide molecule coordination is much less than that in case of mononicotinamide complex formation. The closeness of difference between Δ tr G(NiL 2 2+ ) and Δ tr G(NiL 2+ ) to zero at X DMSO = 0.1 shows almost the same solvation of both of complex particles. The unfavorable influence of the ligand is significantly expressed at X DMSO ≥ 0.5, thereby, the nicotinamide contribution prevails in the Gibbs energy change of bis-nicotinamide complex formation reaction transfer in the range of 0.7 -0.85 m.f. DMSO.
When comparing the Ni 2+ -nicotinamide first stage complexation with analogous reactions of Ag (Fig. 3) . The reactions of Ag(I) and Cu(II) are characterized by almost full compensation of Gibbs energies of complex and central ion, the Δ tr G r being determined by ligand contribution. In the case of Fe(III) complexation the ionic constituent dominates but Gibbs energy change transfer of FeL 3+ compound is higher than that of Fe 3+ ion at every solution composition unlike nickel(II) complexation where the situation is quite the opposite.
Conclusions
The stability change of nickel(II) ion complexes including one and two nicotinamide (B 3 vitamin) molecules in aqueous dimethyl sulfoxide (X DMSO = 0-0.85 m.f.) was studied at 298.2±0.1 K and 0.25 ionic strength value (NaClO 4 ) using the potentiometric method. The first stage constant of complexation increased until organic solvent concentration reached 0.5 m.f. and reduced at higher DMSO content. The difference between complex and central ion solvation was a dominating contribution in the Gibbs energy change of mononicotinamide complex formation reaction. When the second ligand molecule was bonded into the coordination compound, the nicotinamide contribution to Δ tr G r rose and became prevailing at X DMSO = 0.7-0.85. The ligand was found to replace a water molecule in the coordination sphere of cation according to spectrophotometric study results.
The nickel(II)-nicotinamide complexation is characterized by the dominating contribution of the ionic constituent (the difference between complex and central ion solvation) as well as the reaction of iron(III) ion. However, in the case of the nickel coordination process the Δ tr G(NiL 2+ ) is less than Δ tr G(Ni 2+ ) at every solution composition. Meantime, the iron complex of nicotinamide is less effective solvated compared with free Fe 3+ ion. In the case of Ag(I) and Cu(II) cation reactions the difference between complex and central ion solvation is small, and Δ tr G r is mainly influenced by ligand contribution. 
